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Abstract of JP7277890 

PURPOSE:To synthesize high quality diamond in a vapor phase at a high rate of synthesis. 
CONSTITUTION:Carbon, nitrogen and hydrogen or these gases and oxygen or boron-contg. gas are used as 
gaseous starting materials and diamond having 3-1,000ppm ratio of the number of nitrogen .atoms to that of -v. r 
hydrogen atoms or 3-100% ratio of the number of oxygen atoms to that of carbon atoms is synthesized in a vapor 
phase. Since a very small amt. of nitrogen is added as gaseous starting material, high quality diamond is 
synthesized in a vapor phase at an increased rate of synthesis. 
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(57) [ABSTRACT] 

To provide a vapor phase synthesis method for diamonds that 
synthesizes diamonds of high quality at a high rate of synthesis. 
[CONSTITUTION] A diamond vapor phase synthesis method that uses a 
gas containing carbon, nitrogen, hydrogen, or these elements and oxygen or 
boron as a raw material gas, wherein the ratio of nitrogen atoms to 
hydrogen atoms is 3 ppm or higher and 1000 ppm or lower, or the ratio of 
oxygen atoms to carbon atoms is 3% or higher, and 100% or lower- -t. 
[EFFECT] 

Diamond vapor phase synthesis can provide a higher quality, diamtond at a 
higher rate of synthesis by using a trace amount of nitrogen as a raw 
material gas. - - 1 ■ 

[SCOPE OF CLAIMS] . V i , : - 

[Claim l] A diamond synthesis method that epitaxially grows single 
crystal diamond; from a gas phase using a feed gas comprising at least 
carbon (G), hydrogen (H), and nitrogen (N), wherein [N]/[H] in the feed gas 
is 3 ppm or higher and 1000 ppm or lower. 

[Claim 2] The diamond synthesis method according' to Claim 1, that 
epitaxially grows single crystal diamond from a gas phase using a feed gas 
comprising at least carbon (C), hydrogen (H), nitrogen (N), and oxygen (O), 
wherein [0]/[C] in the feed gas is 3% or higher and 100% or lower. 
[Claim 3] The diamond synthesis method according to Claim 1, that 
-epite:?daHyiprow«^^ 

comprising at least carbon (C), hydrogen (H), and nitrogen (N), wherein a 
main growth plane is either {100} or a plane shifted in a direction no more 
than 10° from {100}. 

[Claim 4] The diamond synthesis method according to Claim 1, that 
epitaxially grows single crystal diamond from a gas phase using a feed gas 
comprising at least carbon (C), hydrogen (H), and nitrogen (N), wherein a 
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main growth plane is either {ill} or a plane shifted in a direction no more 
than 10° from {ill}. 

[Claim 5] The diamond synthesis method according to Claim 1, that 
epitaxLally grows single crystal diamond from a gas phase using a feed gas 
comprising at least carbon (C), hydrogen (H), and nitrogen (N), wherein a 
substrate temperature during growth is 1000°C or higher and 1300°C or 
lower. 

■ ■» ,:\ [Claim G] The diamond synthesis method according to Claim 1, that 
v i ./?*v. epitaxially grows single crystal diamond from a gas phase using a feed} gas 
comprising at least carbon (C), hydrogen (H), and nitrogen (N), wherein a 
; : i integrated diamond is grown on a plurality of substrates arranged in an: 
v . ; ^ ahgned orientation. ■ ?\ 

,, . [Claim 7] The diamond synthesis method according to Claim.' 1, that - 
» : epitaxially grows single crystal diamond from a gas phasd using a feed gas 

*:>:hi'- comprising at least carbon (C), hydrogen (H), nitrogen (N) , and boron (B)y - 
? -,^vh v.\h v-sr^Kherein the ratio of the number density of boron atoms to the numberh ; 
i * l ) density of nitrogen atoms in the feed gas is 0.01 or higher and lOor lower, 

[Claim 8] A diamond synthesis method that causes growth of diamond 
from a gas phase on a substrate other than diamond using a feed gas 
comprising at least carbon (C), hydrogen (H), and nitrogen (N), wherein^ 
{100} orientated diamond is synthesized under conditions where [N]/[H] in 
the feed gas is 3 ppm or higher and 1000 ppm or lower. 
[Claim 9] A diamond synthesis method that grows single crystal 

dranroml f^ other than diamond: 

using a feed gas comprising at least carbon (C), hydrogen (H), and nitrogen 
(N), wherein [N]/[H] in the feed gas is 3 ppm or higher and 1000 ppm or 
lower. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL FIELD OF APPLICATION] 
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The present invention relates to a diamond manufacturing method 
and processing method, and in particular relates to a method of 
manufacturing large diamonds, and especially single crystal diamonds that 
are used for semiconductor materials, electronic components, optical 
components, cutting tools, wear resistant tools, and precision tools and the 
like. 
[0002] 

[PRIOR ART] ; : M ' l\ • .. 

•v ^-©iamoitd? have many 1 excellent characteristics su^asrhigh^'vo «*v. • 

hardness and high thermal conductivity as well as high optical 

I transmittance and a wide bandgap, and therefore are widely used as r ? r 
materials for various types of tools, optical components, seihiconductors, and 1 

^electronic components, and it is thought that their imp ort ance will continue - O- 

, totincrease in the future. In the past, naturally produced.diaindnds were 
Used for industrial applications, but currently artificially synthesized 
diamonds are primarily used. Single crystal diamonds are all currently \ -V,.-. 

^industrially synthesized under pressures that exceed several tens-*>f / > • : 
thousands of atmospheres where these diamonds are stabler; 'a^v v 

: [00Q3] An ultra-high pressure container that generates these high \ f : : \ 

pressures is extremely expensive, and is restricted in. size, so thereare 
limits to large-siise single crystal synthesis using a high temperature high 
pressure method. For lb diamonds with a yellow color that contain 
nitrogen (N) as an impurity, the 1 cm class of diamond that is synthesized 

-by^4ii^^re^ui?e^ 

thought to be close to the limit. Furthermore, the size of colorless clear Ha 
diamonds without impurities is restricted to several millimeters or smaller, 
with the exception of natural diamonds. 

[0004] On the other hand, the gas phase synthesis method is a method of 
synthesizing diamonds that has reached the point of being comparable to 
the high pressure synthesis method. Using this method, diamond with a 
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relatively large surface area between several centimeters and 10 cm is 
artificially manufactured, but normally this diamond is a polycrystalline 
film. However, the use of single crystal diamond is necessary for diamond 
applications that require a particularly smooth surface such as when used 
for ultra precise tools, optical components, and semiconductors and the like. 
[0005] Therefore, a method to obtain single crystal diamond by epitaxial 
growth using a gas phase synthesis method has been investigated in the 
past. Generally, epitaxial growth can be homoepitaxial growth where a 

i substance is grown on a substrate of the same type'of materi^, or * 
heteroepit axial growth where growth is on a substrate of a different type of 

j materials In the past, heteroepitaxial growth for cubic borons nitride (cBN), , 
siMcQri Jcarbide, silicon, nickel, and cobalt and the like have been reported 
(Japanese Patent Publication Nos. 63 224225, 2-23359M, and 4-132687), but , 
single ^crystal synthesis using homoepitaxial growth is thought to be • 
advantageous because single crystals with good film properties were not . 
achieved using heteroepitaxial growth. With homoepitaxial growth, highly. 

spure. diamond is epitaxially grown from a gas phase on^a diamond lb: -.;;;«• 
substrate using high-pressure synthesis, and therebyla large JIa single 
crystals diamond that is larger than a Ha diamond obtained by high-pressure 
canibe obtained, i ' 

[0006] Furthermore, it is expected that diamond ^with only a small angle 
boundary can be obtained using a plurality of diamond substrates or 
diamond particles facing the same crystalline direction and growing a single 

I. Smith, A. Argoitia, J. Angus, G. H. M. Ma, J. T. Glass, J. Butler, C. J. 
Robinson, R. Pryor: Appl. Phys. Lett. Vol.58 (199 1) p 2485). However, 
single crystal synthesis by homoepitaxial growth has a problem in that the 
growth rate is slow and the product is expensive. 
[0007] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 
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Normally gas phase synthesis of diamond is performed using a gas 
that contains carbon (C), hydrogen (H), oxygen (O), and an inert gas or the 
like. The growth rate can be increased by increasing the amount of carbon 
in the gas, but the corresponding film properties will be degraded. With 
current technology, a highly pure diamond with large surface area can be 
epitaxially grown and a high-quality single crystal diamond can be grown, 
:but the rate of growth for epitaxial growth on a {100} substrate that can 
provide a good quality crystal is between 2 and 3 pm/h or even less > so there 
^?^^>;*;r-is^aipK6blem with excessive cost. -.By u^ing^a^MlJ-subitrate, growth at a-;*? ■ m vm"* 

rate faster than that using a {100} substrate can be achieved, but the crystal 
M ."*-,?•*,> that is obtained iwill be significantly infeiior^ompared^tof.-epitaxial. growth v ■■ : : - 1 v ;i u 'v 
- " on a {100} substrate. / c « - : .=.;_■■•. 

/ -[QODSl V .-3*..- ' ■ : - v.^i^.r 

y: r / -?*> v[MEANS -FOR SOLVING PROBLEMS] f-v; v ^ : : ,, 

;: ; . ^ i.. The present inventors have discovered that by adding a trace* 

--w**.* amoiint of nitrogen to the feed gas when growing sin^le crystal diamond ori ■ . : 

a diamond substrate from a gas phase, the growth rateiof {l00} epitaxial 
; . ■■» . :i ^owth ; can ibe increased by five times or moie without a loss -of film' quality, '*iv> 

:i and thd film quality by {111} epitaxial growth can be impidvedwhile^l:*' ; ; :;• 

doubling the growth rate. V 
o [0009] ;The first invention of the present application relates to a diamond 
synthesis method that epitaxially grows single crystal diamond from a gas 
phase using a feed gas comprising at least carbon (C), hydrogen (H), and 

irit^gen^^T-wh^ 

ppm or lower. 

[0010] The second invention of the present application relates to the 
diamond synthesis method according to Claim 1, that epitaxially grows 
single crystal diamond from a gas phase using a feed gas comprising at least 
carbon (C), hydrogen (H), nitrogen (N), and oxygen (O), wherein [0]/[C] in 
the feed gas is 3% or higher and 100% or lower. 
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[00 11] Another invention relates to the diamond synthesis method 
according to Claim 1, that epitaxially grows single crystal diamond from a 
gas phase using a feed gas comprising at least carbon (C), hydrogen (H), 
nitrogen (N), and boron (B), wherein the ratio of the number density of 
boron atoms to the number density of nitrogen atoms in the feed gas is 0.01 
or higher and 10 or lower. 

[0012] Yet another invention relates to the diamond synthesis method that 
; causes growth of diamond from a gas phase on a substrate other than : : . 
; ; : ^'V ir. ;-,%diaaiiond usmg?a feed gas - comprising at least- earbo^QX 'hydrogen (HCMand • 
nitrogen (N), wherein {100} orientated diamond is synthesized under 
: ,<t conditions? where [M]/[H] in the feed gas is 3 ppm o^ 

lower. Furthermore, diamonds for various objectives can be obtained by ... i 
combining the inventions shown in the claims of the present application. ; : * . 
[0013] Herein, [N]; [H], [O], and [C] and the like Represent the nuhhher of - : ? 
':.- ;each of the element atoms in the gas. Examples of the gases containing . : ; 4 
: . ucv; carbon that canv the present apphcation include paraffin type . 

v • \c saturated chain hydrocarbons such as methane,, ethane, propane; butane, : • 
• etc; olefin type unsaturated chain hydrocarbons such Methylene; propylene, • .v 
■ < • butylenev etc::; > and diolefin typ e unsaturated chain hydrocarbons; such as : 
allene, butadiene, etc,; and other as well as aroma&e? hydrocarbons, carbon 
1 . moiidxide, carbon dioxide, and other gases. Furthermore, examples of , • ; 

gases that can be used as the nitrogen source included nitrogen gas, 
ammonia, N2H4, N2O, NO, N02, CH3NH2 and other amines. Furthermore, 

examplesnoiHhe-oxyg 

monoxide, carbon dioxide, N2O, NO, NO2, and the like. Furthermore, 
organic compounds containing oxygen such as alcohols and ketones and the 
like can also be used. In addition, with the aforementioned inventions, the 
rate of epitaxial growth of the diamond can be increased by adding a rare 
gas. Examples of rare gases that can be used include all of the rare gases 
such as Ar, Ne, and Xe and the like, but Ar in particular is easy to use and 
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has a strong affect. 
[0014] 

[FUNCTION] 

Growth of crystals from a gas phase occurs when growth units are 
incorporated by the crystals on the growth surface. With diamond growth, 
carbon atoms are incorporated into the crystal, but this does not occur at all 
/ .locations on the surface, but rather occurs preferentially at locations that 
. ■■ . have a. high degree of activity. The rate of growth increases as the number. . \ 

. - v , ;:, otkcations. thatekiave a high degree of activity increai&es^ "s a i« '", <.i*>V'.:r ... 

[0015] Nitrogen was previously considered to be a negative factor that 
^ > • ^^l*-:•r!.degmded ? Mm.:quality > ' and good.quality-".films are^own^uhdfer conditions' :r -r? > 

a that do not contain nitrogen (for example, Japanese Patent Publication No. ; v»; 

" * • 4- 104992)^buti>he present inventors hav'e-'discovered ^atdUring'-gr.owth ••• . -v 
2 :>;, • v T-feom a gas phase on a .-diamond single/crystal substrate, themmnbea?<of ^ ; 1 u *.-. v v 
i incorporating sites in the crystal is increased by the addition of a trace ? 

amount 'dfmtrqgen in the feed gas. The nitrogencan.be introduced in Any ; . ! ' lv ■: 
er;>w ; < mojecular-formy' including nitrogen gas s: moleculies^and ammonia and-thfelike; f 
\ - :S ' : ?:The nitrogen must /be activated, and a process that\uses plasma* is ; : *t,^ - 

! v. ^>,, particularly effective. This effect is noticeable-on4he*{lO0}^plaDae; : and the* -r 
*. rate of growth for {100} epitaxial growth can be increased by a factor of five - . ^ . 

or more, and the rate of growth for {ill} epitaxial growth can be increased ; 
by a factor of two. 

[0016] By adding nitrogen to the growth gas, nitrogen will also be 

incorporated into the diamond lattice — The nitrogen tlralris mcoxporated 

into the crystal may cause problems depending on the use of the diamond. 
A method of increasing the rate of growth by adding nitrogen gas while at 
the same time minimizing the incorporation of nitrogen into the crystal by 
heating the substrate to a temperature of 1000°C or higher is known to be 
effective. If the substrate temperature is 1300°C or higher, a phase 
transition from diamond to graphite will occur, and therefore the 
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temperature is preferably 1300°C or lower. A temperature between 1100 
and 1200°C is even more preferable. 

[0017] If the amount of nitrogen added is low, the rate of diamond growth 
will be slow, but the film quality such as the transparency of the diamond 
obtained will be improved. If the amount of nitrogen added is too high, the 
rate of diamond growth will be fast, but the film quality of the diamond will 
be inferior, , This effect of adding nitrogen was discovered by the inventors. . 
Therefore, the optimum amount of nitrogen to addcanlbe determined by the 
application and the price. ^ W - u ;^u ;t r \,> ,,■•■«■ ' 

[0018] As for the amount of nitrogen added, the effect of increasing the rate 
of growth was first observed when the ratio for the number of nitrogen - - 
atoms to the- number of hydrogen atoms reached 3 pp m or higher, an d the 
increase in the rate of growth was clearly noticeable at ;30 ppm or higher. 
Noticeable degradation of the film quality excluding theupresence 6f nitrogen 
was. not observed until the ratio reached 300 ppm or higher, but when the < 

-ratio exceeded 1000 ppm, the growth occurred in the amorphous component. 
Therefore,- a. range between 3 ppm and 1000 ppm is preferable, but 30 ppm 

> : or higher and 300 ppm or lower is more preferable, a ; • > ^ i kv- - 
[0019]! When used for optical applications in the infrared regions nitrogen 

* absorption is not seen when the above ratio is 300 ppm or lower, so the ratio 
is preferably 30 ppm or higher and 300 ppm or lower. . For applications in 
the ultraviolet through visible fight regions, absorption is induced by a more 
minute amount of nitrogen as compared to in the infrared region, so the 

-^atio4s^eferabl3^^ — However, by dopin g with boron at the 

same time as nitrogen, the rate of growth can be increased and the 
transmittance that is inherent to diamond can be achieved. In this case, 
even if approximately 200 ppm of nitrogen is added, a diamond that does not 
show any absorption except for unique absorption can be obtained. This 
effect affects not only homoepitaxial growth on a single crystal diamond, but 
is also effective for heteroepit axial growth and synthesis of highly oriented 
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films. In particular, it is also effective for {100} epitaxial growth on a cubic 

single crystal such as Si and for synthesis of {100} oriented films. 

[0020] 

[EXAMPLES] 
(Example l) 

A 1:5 mm x 2 mm, 0.3 mm thick synthetic lb single crystal {100} 
substrate was prepared, and epitaxial growth was performed using 
microwave plasma CVD. The process was performed at a substrate 
temperature of 1100 P C and a pressure of 90 torr. The feed/gas contained © 
seem (standard cubic centimeter) of methane, 300 seem of hydrogen gas, 2 
seem of oxygen-gas, and nitrogen gas. The concentration of nitrogen gas> to 
hydro^eii was- varied from 0 ppm to 1% over 20 hours while the film was i 
formed, and then the rate of film forming and the quality af; the film were : 
evaluated using Raman spectroscopy and double-crystal x^ray'^ v 
The [peak height near 1550 cm 1 from amorphous carbon. that is carbon 
; other than diamond] /[peak height (near 1332 cm" ^Hof diamond] : (la/Id) was i; 
)■ evaluated usin g IRaman spectroscopy; The half-width of:the (400) reflection 
. was measured using double -crystal x-ray diffraction. >Tha results were as r ; 
shown in Table If. - ^ ^ : : 

[0021] u : 

[Table l] 



[N]/[H] 


Oppm 


3 ppm 


10 
ppm 


30 
ppm 


100 
ppm 


300 
ppm 


0.1% 


0.3% 


1% 


Growth rate 
lim/h 


1.1 


1.3 


1.8 


3.9 


5.8 


5.7 


6.0 


5.2 


5.8 


Raman la/Id 

% 


0.0 


0.0 


0.0 


0.0 


0.0 


0.1 


0.3 


1.1 


2.3 


Half-width of 

double - 
crystal x-ray 
diffraction 
(s) 


30 


35 


32 


34 


31 


43 


52 


60 


95 



[0022] 

(Example 2) 
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A 2 mm x 4 mm, 0.5 mm thick natural Ha single crystal diamond 
substrate was prepared. The plane orientation was 10° from {100}. The 
substrate was divided into 2 pieces of 2 mm x 2 mm using a YAG laser. 
Diamond was grown on one substrate using the microwave plasma CVD 
method. The feed gas consisted of 2 seem of methane, 90 seem of hydrogen 
gas, and 10 seem of nitrogen gas diluted to 1000 ppm in hydrogen gas. The 
substrate temperature was 950°C, the pressure was 100 torr, and the film 
forming time was 100 hours. The thickness of the film that was formed 
Mtev growth wasfound to be\t mm:n ; ^ ; n ^ 

[0023] 

(Comp ar ative Example l) -^V ■ v t-V-p.-.-\- v^-.^^to ' 

v " : ' *: Diamond was grown on the other substrate using the microwave 

plasma CVD method. The feed gas consisted of SVsedaiof mfethaiie and 100 
cSeem of hydrogemgas. The other conditions were the jsathe as .Example 1, \ 
-namely the substrate temperature was 950°C, the pressure was 100 torr; 
-and the film forming time was 100 hours The thickness 6f the film that ; 

was fofmed after growth was measured and the growth was found to be 150 ? ^ 

[0024] ^ :* ; 

(Example 3) * 

A 3 mm x 3 mm, 0.5 mm thick synthetic lb single crystal diamond 
substrate was prepared. The inclination from plane orientation {100} was 
within 2°. Diamond was grown on this substrate using the microwave 
plasma CVD methods TheTfeed gas consisted of3 seem of methane, I seem 
of oxygen gas, 92 seem of hydrogen gas, and 8 seem of nitrogen gas diluted to 
1000 ppm in hydrogen gas. The substrate temperature was 1050°C, the 
pressure was 100 torr, and the film forming time was 100 hours. The 
thickness of the film that was formed after growth was measured and the 
growth was found to be 800 pm. 
[0025] 
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(Example 4) 

A3 mm x 3 mm, 0.5 mm thick synthetic lb single crystal diamond 
substrate was prepared. The inclination from plane orientation {110} was 
within 2°. Diamond was grown on this substrate using the RF plasma 
CVD method. The feed gas consisted of 3 seem of methane, 1 seem of 
oxygen gas, 92 seem of hydrogen gas, and 8 seem of nitrogen gas diluted to 
1000 ppm in hydrogen gas. The substrate temperature was. 1050°C, the 
, - pressure was 100 torr, and the film forming time was 100 hours. . The 
? ttMelmess^ ^ i: ^ ? 

growth was found to be 1.5 mm. 

• ;[0026] ' V * " • " • 

-(Exaanple 5h ■■ = 

( :> 4,^^ ^ Aimm^ 3 tern, 0.4 mm iick naturaUa singie ciystal diambtid v k 
,v r -:ui substrate was prepared. The inchnation fcom^ '* f =• 

■'v. . ,,,v^within:€,2°:J-<The substrate was divided into 2 pieces, with" a-size,o£ ; 2: mm..x.r 

. v^K;.^.l:5-mm.using^a'YAG laser.: Diamond was grown on one substrate Using the . 

mi^owa^plasma) CVD method.- ; The feed gas consisted of 3 sec^n^df O ; - ;< , 

methane, 1 seem of oxygen gas* 90 seem of hydrogen 'gas, and 10 seem of 
nitrogen gas diluted to 1000 ppm in hydrogen gas. The substrate J 
temperature was 1050°C, the pressure was 100 torr; and the ^ fidm foriniing 
time was 50 hours. The thickness of the film that was formed after growth- 
was measured and the growth was found to be 500 pm. Single crystal 
growth was determined by RHEED (reflection high-energy electron 

Aiffiractimty. 

[0027] 

(Comparative Example 2) 

Diamond was grown on the other substrate using the microwave 
plasma CVD method. The feed gas consisted of 3 seem of methane, 1 seem 
of oxygen gas, and 100 seem of hydrogen gas. The substrate temperature 
was 1050°C, the pressure was 100 torr, and the film forming time was 50 
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hours. The thickness of the film that was formed after growth was 
measured and the growth was found to be 400 p.m. The diamond that was 
grown was found by RHEED (reflection high-energy electron diffraction) to 
have a polycrystalline part. 
[0028] 

(Example 6) 

■ A; 3 mm x 3 mm, 0.5 mm thick synthetic lb single crystal diamond 

. . substrate Was prepared. The inclination from plane orientation {100} was 

<:vnv~^ '■•*?.>» ••♦'witiyii^l?/^:/13idm'ond was^grown onthis •substrate T :id&m:glthe/nlierowave- i ■• ■ • . *■ v. : »! : «« 
plasma CVD method. The feed gas consisted of 3 seem of methane, 1 seem 
of oxygen gas, 85 seem of hydrogen gas, and 15 seem of ammonia dilute d to * r 
1000 ppm in hydrogen gas. The substrate temper attire was; 1 1 00°C , the 1 :■■ : 

• . ; ? pressure was 100 torr, and the film forming time was 400 hoursO The r ; 

r- > growth was found to be 3.2 mm. ■ v^* '=*-•.-,.;.:«. ■ \ 

••>•;•: [00291 The growth surface where the* diamond was gWhtfii .wasrmioror , .* : 
■ ; . poHshed, and the substrate diamond was removed by 'excimer laser, and ^ : i 
- ^ then polishing was performed to a mirror surface.; Visually; the material 

r,-< was transparent except for a slight yellow color. When the light : ^ 1 , . 

■•■)> transmittance ;^as measured, a slight absorption due toisubstitution type • 

nitrogen was observed. Anitrogen level of 1 ppm was detected using SIMS 
(secondary ion mass spectroscopy). The half-width of the (400) reflection 
was measured to be 40 seconds using double-crystal x-ray diffraction, and 
therefore the crystal quality was determined to be good 
[0030] 

(Example 7) 

Nine sheets of 4 mm x 4 mm, 0.5 mm thick synthetic lb single 
crystal diamond substrate were prepared. The inclination from plane 
orientation {100} was within 1° for all of the substrates. The orientation of 
these substrates were aligned in the same plane in a 3 x 3 arrangement In a 
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range of 12 mm x 12 mm, and diamond was grown thereon using the 
microwave plasma CVD method. The feed gas consisted of 2 seem of 
methane, 1 seem of carbon dioxide, 100 seem of hydrogen gas, and 12 seem of 
ammonia diluted to 1000 ppm in hydrogen gas. The substrate temperature 
was 1120°C, the pressure was 110 torr, and the film forming time was 400 
hours. The diamond that was grown had a size of approximately 14 mm x 
14 mm and had formed a single piece, and when the thickness of the film 
. \ that was formed was measured after ^ growth, the ^owth was determiiied to 
; -/ « : .?^vr:hfe?2.4^nmr^ The growth surface where the^diamp'n;^ wa$*g£ownhwa;s 'miirror <s: ^ ; ^ ,--\ 
pohshed, and the substrate diamond was removed by excimer laser, and 

. : -i-r- was? transparent except for a slight yellow color. 1 ' ---v - . \ 

v ^ [0031] ',; VU - • - 

. v ^ ^(jExample\8) -i'o •. .; • • ■. • ^ i •#^r,J? 1 s ; v; :'• . 

-• .'> . A 3 mm x 3 mm, 0.5 mm thick synthetic lb single crystal diamond 

^ substrates was prepared. The inclination from planeiorientation {100} was - . 
: - ; within 13j Diamond was grown on this substrate uMng/the inicrtmave -v - 

v ^ plakma?G¥D?method. The feed gas consisted of 3i scfem df methane, 1 seem ; ^ . » : 
^of oxygen gaSj 80 seem of hydrogen gas, 15 seem of ammoiiia diluted to 1000 v 
« ppm iii hydrogen gas, and 5 seem of diborane diluted to 1000 ppm in 

■ ■ hydrogen gas. The substrate temperature was 1100°C, the pressure was 
100 torr^ and the film forming time was 400 hours. The thickness of the 
film that was formed after growth was measured and the growth was found 

to"b^2:2Trmr — Th^growtfr-smface-w was 

mirror polished, and the substrate diamond was removed by excimer laser, 
and then polishing was performed to a mirror surface. Visually, the 
material was completely transparent. When the transmittance was 
measured, absorption due to substitution type nitrogen was not observed. 
A nitrogen level of 0.8 ppm and a boron level of 0.7 ppm was detected using 
SIMS (secondary ion mass spectroscopy). The half-width of the (400) 
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reflection was measured to be 30 seconds using double-crystal x-ray 
diffraction, and therefore the crystal quality was determined to be good. 
[0032] 
(Example 9) 

A 10 mm x 10 mm, 2.5 mm thick polycrystalline silicon substrate 
was prepared. Diamond was grown on this substrate using the microwave 
, plasma CVD method. The feed gas consisted of 3 seem of methane, 1 seem 
. of oxygen gas, 85 seem of hydrogen gas, and 15 seem of ammonia diluted to \ 
5 r* y. 4 -iOGO^'ppm in hydrogen gas.r The substrate temperatupeKwas. 1100?G, the > l hr - \ *** 

pressure was 100 torr, and the film forming time was 400 hours. The 
• -v»- -tWe]^es^^the;film.?that was formed after prowth'-wks* measured ^dithe- : - t 
growth was found to be 3,5 mm across the entire surface. The orientation - : 
:« was determined by x-ray diffraction to be {lOO}. <• • ; . - 

[0033] v-.i^/- 
• . > (Gomparatiye: Example 3) . ;.- v: . ■ ;-.if-?o-. 

: > > v;:; v A10 mmtx 10 mm, 2.5 mm thick polycrystalline silicon sxibstrate " . /; 
v. r * was prep axed; Diamond was grown. on -this substrateJ-msing ithe microwave."-- 
^ s ;r plasmaH0¥Dimethdd:^ The feed gas consisted of ^seem oJPm r 
. -\ ■ . * x of oxygen, knd 100 s&m of hydrogen gas. Th6 substrate temper aturfe was a , . 
Y.. - llOOrC^ the pressure wag 100 torr, and the film forming time was 400 hours. > 
The thickness of the film that was formed after gi-owth was measured and 
the growth was found to be 1.0 mm across the entire surface. 
[0034] 

(Example 10) 

A 10 mm x 10 mm, 1.5 mm thick single crystal (100) silicon 
substrate was prepared. Diamond was grown on this substrate using the 
microwave plasma CVD method. The feed gas consisted of 3 seem of 
methane, 1 seem of oxygen gas, 85 seem of hydrogen gas, and 15 seem of 
ammonia diluted to 1000 ppm in hydrogen gas. The substrate temperature 
was 1100°C, the pressure was 100 torr, and the film forming time was 400 



16 



JP 7-277890 



hours. The thickness of the film that was formed after growth was measured 
and the growth was found to be 3.2 mm across the entire surface. By 
observation using RHEED, a slight Debye ring was observed, but a spot 
showing single crystal was clearly observed, and therefore heteroepitaxial 
growth was confirmed. 



